We consider singlet extensions of the standard model, both in the fermion and the scalar sector, to account for the generation of neutrino mass at the TeV scale and the existence of dark matter respectively.
I. INTRODUCTION
The Large Hadron Collider (LHC) experiment has completed the hunt for the last missing piece of the Standard Model (SM) with the discovery of the Higgs boson [1, 2] . The Higgs boson holds a special status in the SM as it gives mass to all the other particles, with the exception of the neutrino. However, observation of neutrino oscillation, from solar, atmospheric, reactor and accelerator experiments necessitates the extension of the SM to incorporate small neutrino masses.
The seesaw mechanism is considered to be the most elegant way to generate small neutrino masses.
The origin of seesaw is from the dimension 5 effective operator κLLHH, proposed by Weinberg in [3] . Here, L and H are the SM lepton, and Higgs fields respectively. κ is a coupling constant with inverse mass dimension. This term violates lepton number by two units and imply that neutrinos are Majorana particles. The generation of the effective dimension 5 operator needs extension of the SM by new particles. The most minimal scenario in this respect is the canonical type-1 seesaw model, in which the SM is extended by heavy right handed Majorana neutrinos for ultra-violet completion of the theory [4] [5] [6] [7] . The essence of seesaw mechanism lies in the fact that the lepton number is explicitly violated at a high-energy scale which defines the scale of the new physics. However to give an observed neutrino mass of the order of m ν ∼ 0.01eV one needs the Majorana neutrinos to be very heavy (∼ 10 15 GeV), close to the scale of Grand Unification.
However since such high scales are not accessible to colliders, in the context of the LHC, there have been a proliferation of studies involving TeV scale seesaw models. For recent reviews see for instance [8, 9] . For ordinary seesaw mechanism lowering the scale of new physics to TeV requires small Yukawa couplings O(10 −6 ) 1 and for such values, the light-heavy mixing is small and no interesting collider signals can be studied. One of the ways to reduce the scale of new physics to
TeV is to decouple the new physics scale from the scale of lepton number violation. The smallness of the neutrino mass can then be attributed to small lepton number violating terms. A tiny value of the latter is deemed natural, since when this parameter is zero, the global U(1) lepton number symmetry is reinstated and neutrinos are massless. One of the most popular TeV scale seesaw models based on the above idea is the inverse seesaw model [13] . This contains additional singlet states (ν s ), along with the right handed neutrinos (N R ), having opposite lepton numbers. The lepton number is broken softly by introducing a small Majorana mass term for the singlets. This parameter is responsible for the smallness of the neutrino mass and one does not require small Yukawa couplings to get observed neutrino masses and at the same time the scale of new physics can be at TeV. Another possibility of a TeV scale singlet seesaw model is the linear seesaw model [14] [15] [16] . The difference is, in this case, a small lepton number violating term is generated by the coupling between the the left-handed neutrinos and the singlets states. The inverse seesaw and linear seesaw differ from each other in the way lepton number violation is introduced in the model, as we will see in the next section. Also, the particle content of the minimal models that agree with the oscillation data for these two are different. For linear seesaw, we need only one N R and one ν s [17] [18] [19] whereas in the inverse seesaw case, we need two N R and two ν s [20] . Note that the minimal linear seesaw model is the simplest re-constructable Tev scale seesaw model having a minimum number of independent parameters.
Apart from neutrino mass, another issue that requires extension of the SM is the existence of dark matter. Measurements by Planck and WMAP demonstrate that nearly 85 percent of the Universe's matter density is dark [21] . Among the various models of dark matter that are proposed in the literature, the most minimal renormalizable extension of the SM are the so called Higgs portal models [22] [23] [24] . These models include a scalar singlet that couples only to the Higgs.
An additional Z 2 symmetry is imposed to prevent the decay of the DM and safe-guard its stability.
The coupling of the singlet with the Higgs provides the only portal for its interaction with the SM.
Nevertheless there can be testable consequences of this scenario which can put constraints on its coupling and mass. These include constraints from searches of invisible decay of Higgs at the Large Hadron Collider (LHC) [25] [26] [27] , direct and indirect detections of DM as well as compliance with the observed relic density [28] [29] [30] [31] [32] . Implications for the LHC [33] [34] [35] [36] [37] and ILC [38] have also been studied. Combined constraints from all these have been discussed in [39] [40] [41] and most recently in [42] .
The singlet Higgs can also affect the stability of the electroweak vacuum [43] [44] [45] [46] [47] [48] . It is well known that the electroweak vacuum in the standard model is metastable and the Higgs quartic coupling λ is pulled down to negative value by renormalization group running, at an energy of about 10 9 − 10 10 GeV, depending on the value of α s and the top quark mass m t , as the dominant contribution comes from the top-Yukawa coupling, y t [49, 50] . This indicates the existence of another low lying vacuum. If the quartic coupling λ(µ) becomes negative at large renormalization scale µ, it implies that in the early universe the Higgs potential would be unbounded from below and the vacuum would be unstable in that era. But it does not pose any threat to the standard model as it has been shown that the decay time is greater than the age of the universe [51] . In the context of standard model extended with neutrino masses via canonical type-1 seesaw mechanism, the Yukawa coupling of the RH neutrinos also contribute to the RG running, just like y t and thereby we expect it to affect the electroweak vacuum stability negatively. But this effect is not so much because, as discussed before, in order to get the light neutrino masses, either one has to resort to extremely small Yukawa couplings or one needs a very large Majorana mass scale (≈ 10 15 GeV) and the contribution to the running of λ is much smaller in both the cases compared to that from y t . However, for the TeV scale seesaw models, with sizable Yukawa couplings the stability of the vacuum can be altered considerably by the contribution from the neutrinos [18, [52] [53] [54] [55] [56] [57] [58] [59] .
On the other hand, the singlet scalar can help in stabilizing the electroweak vacuum by adding a positive contribution which prevents the Higgs quartic coupling from becoming negative. The stability of the electroweak vacuum in the context of singlet scalar extended SM with an unbroken Z 2 symmetry has been explored in [43, [45] [46] [47] .
In this paper, we extend the SM by adding extra fermion as well as scalar singlets to explain the origin of neutrino mass as well as existence of dark matter 2 . The candidate for dark matter is a real singlet scalar added to SM with an additional Z 2 symmetry which ensures its stability.
For generation of neutrino mass at TeV scale we consider two models. The first one is the general inverse seesaw model with three right handed neutrinos and three additional singlets. The second one is the minimal linear seesaw model. These two sectors are disconnected at the low energy.
However, the consideration of the stability of the electroweak vacuum and perturbativity induces a correlation between the two sectors. We study the stability of the electroweak vacuum in this model and explore the effect of the two opposing trends -singlet fermions trying to destabilize the vacuum further and singlet Higgs trying to oppose this. We find the parameter space, which is consistent with the constraints of relic density and neutrino oscillation data and at the same time can cure the instability of the electroweak vacuum. We present some benchmark points for which the electroweak vacuum is stable up to the Planck's scale. In addition to absolute stability we also 2 For other studies to explain neutrino mass and dark matter using scalar singlets see for instance [60, 61] .
explore the parameter region which gives metastability in the context of this model. We investigate the combined effect of these two sectors and obtain the allowed parameter space consistent with observations and vacuum stability/metastability and perturbativity.
The plan of the paper is as follows. In the next section we discuss the TeV scale singlet seesaw models, in particular the inverse seesaw and linear seesaw mechanism. We also outline the diagonalization procedure to give the low energy neutrino mass matrix. In section III we discuss the potential in presence of a singlet scalar. Section IV presents the effective Higgs potential and the renormalization group (RG) evolution of the different couplings. In particular we include the contribution from both fermion and scalar singlets in the effective potential. In section V we discuss the existing constraints on the fermion and the scalar sector couplings from experimental observations and also from perturbativity. We present the results in section VI and conclusions in section VII. .
II. TEV SCALE SINGLET SEESAW MODELS
The most general low scale singlet seesaw scenario consists of adding m right handed neutrinos N R and n gauge-singlet sterile neutrinos ν s to the standard model. The lepton number for ν s is chosen to be −1 and that for N R is +1. For simplicity, we will work in a basis where the charged leptons are identified with their mass eigenstates. We can write the most general Yukawa part of the Lagrangian responsible for neutrino masses, before spontaneous symmetry breaking(SSB) as,
where l L and H are the lepton and the Higgs doublets respectively, Y ν and Y s are the Yukawa coupling matrices, M N and M µ are the symmetric Majorana mass matrices for N R and ν s respectively.
Y ν , Y s , M N and M µ are of dimensions 3 × m, 3 × n, m × m and n × n respectively. Now, after symmetry breaking, the above equation gives,
where, M D = Y ν H and M s = Y s H . The neutral fermion mass matrix M can be defined as,
From this equation, we can get the variants of the singlet seesaw scenarios by setting certain terms to be zero.
A. Inverse Seesaw Model (ISM)
In the inverse seesaw model, M s and M N are taken to be zero [13] . The mass scales of the three sub-matrices of M may naturally have a hierarchy M R >> M D >> M µ , because the mass term M R is not subject to the SU (2) L symmetry breaking and the mass term M µ violates the lepton number. Thus we can take M µ to be naturally small by t' Hooft's naturalness criteria since the expected degree of lepton number violation in nature is very small. In this paper, we consider a (3+3+3) scenario for the inverse seesaw model for generality and hence all the three sub-matrices M R , M D and M µ are 3 × 3 matrices. The effective light neutrino mass matrix in the seesaw approximation is given by,
and in the heavy sector, we will have three pairs of degenerate pseudo-Dirac neutrinos of masses of the order ∼ M R ± M µ . Note that the smallness of M light is naturally attributed to the smallness of both M µ and we will get the linear seesaw model [14] [15] [16] . In this paper, we consider the minimal linear seesaw model in which we add only one right handed neutrino N R and one gauge-singlet sterile neutrino ν s [17] [18] [19] . In such a case, the lightest neutrino mass is zero. The source of lepton number violation is through the coupling Y s which is assumed to be very small. Here, Y ν and Y s are the (3 × 1) Yukawa coupling matrices and the overall neutrino mass matrix is a symmetric matrix of dimensions 5 × 5.
The light neutrino mass matrix to the leading order is given by,
Assuming M D ∼ 100 GeV and M R ∼ 1 TeV, one needs Y s ∼ 10 −11 to get light neutrino mass m ν ∼ 0.1 eV. The heavy neutrino sector will consist of a pair of degenerate neutrinos.
C. Diagonalization of the Seesaw Matrix and Non-unitary PMNS Matrix
The diagonalization procedure is same for both the cases. Here we illustrate it for the inverse seesaw case. The 9 × 9 inverse seesaw mass matrix can be rewritten as,
We can diagonalize the neutrino mass matrix using a 9 × 9 unitary matrix [62, 63] ,
where,
.., M 6 ) with mass eigenvalues m i (i = 1, 2, 3) and M j (j = 1, ..., 6) for three light neutrinos and 6 heavy neutrinos respectively. Following the two-step diagonalization procedure, U 0 could be expressed as, (by keeping terms up to order
Here, U L , V, S and U H are 3 × 3 , 3 × 6 , 6 × 3 and 6 × 6 matrices respectively, which are not unitary. W is the matrix which brings the full 9 × 9 neutrino matrix, in the block diagonal form, 
III. SCALAR POTENTIAL OF THE MODEL
As mentioned earlier, in addition to the extra fermions, we also add an extra real scalar singlet S to the standard model. The potential for the scalar sector with an extra Z 2 symmetry under S → −S is given by,
In this model, we take the vacuum expectation value (vev) of S as 0, so that Z 2 symmetry is not broken. The standard model scalar doublet H could be written as,
where the vev v = 246 GeV.
Thus, the scalar sector consists of two particles h and S, where h is the standard model Higgs boson with a mass of ∼ 126 GeV , and the mass of the extra scalar is given by,
As the Z 2 symmetry is unbroken upto the Planck scale M pl = 1.22 × 10 19 GeV, the potential can have minima only along the Higgs field direction and also this symmetry prevents the extra scalar from acquiring a vacuum expectation value. This extra scalar field does not mix with the SM Higgs. Also an odd number of this extra scalar does not couple to the standard model particles and the new fermions. As a result, this scalar is stable and serve as a viable weakly interacting massive dark matter particle. The scalar field S can annihilate to the SM particles as well as to the new fermions only via the Higgs exchange. So it is called a Higgs portal dark matter.
IV. EFFECTIVE HIGGS POTENTIAL AND RG EVOLUTION OF THE COUPLINGS
The effective Higgs potential and the renormalization group equations are the same for both the linear and the inverse seesaw models. The two models differ only by the way in which a small lepton number violation is introduced in them, whose effect could be neglected in the RG evolution.
So, effectively, the RGEs are the same in both the models, the only difference being the dimensions of the Yukawa coupling matrices and the number of heavy neutrinos present in the model.
A. Effective Higgs Potential
The tree level Higgs potential in the standard model is given by,
This will get corrections from higher order loop diagrams of SM particles. In the presence of the extra singlets, the effective potential will get additional contributions from the extra scalar and the fermions. Thus, we have the one-loop effective Higgs potential (V 1 (h)) in our model as,
where the one loop contribution to the effective potential due to the standard model particles is given by [64, 65] ,
Here, the index i is summed over all SM particles and c H,G,f = 3/2 and c W,Z = 5/6, where H, G, f, W and Z stand for the Higgs boson, the Goldstone boson, fermions and W and Z bosons respectively ; M i (h) can be expressed as,
The values of n i , κ i and κ i are given in the eqn. (4) in [64] . Here h = h(t) denotes the classical value of the Higgs field, t being the dimensionless parameter related to the running energy scale µ
The one loop contribution due to the extra scalar is given by [66, 67 ]
where
The contribution of the extra neutrino Yukawa coupling to the one loop effective potential can be written as [18, 68] ,
Here M = M D for inverse seesaw and M = (M D M s ) for linear seesaw. Also, i and j run over three light neutrinos and m heavy neutrinos to which the light neutrinos are coupled via Yukawa coupling respectively. In our analysis, we have taken two-loop (one-loop) contributions to the effective potential from the standard model particles (extra singlet scalar and fermions). For h(t) >> v, the effective potential could be approximated as,
where the standard model contribution is,
ef f and λ (2) ef f are the one-and two-loop contributions respectively and their expressions can be found in [50] . The contributions due to the extra scalar and the neutrinos are given by
and
where, B. Renormalization Group evolution of the couplings from M t to M planck
We know that the couplings in a quantum field theory get corrections from higher-order loop diagrams and as a result, the couplings run with the renormalization scale. For a coupling C, we have the renormalization group equation (RGE),
where i stands for the i th loop.
We have evaluated the SM coupling constants at the the top quark mass scale and then run them using the RGEs from m t to M planck . For this, we have taken into account the various threshold corrections at M t [69] [70] [71] . All couplings are expressed in terms of the pole masses [72] . We have used one-loop RGEs to calculate g 1 (M t ) and g 2 (M t ) 3 . For g 3 (M t ), we use three-loop RGE running of α s where we have neglected the sixth quark contribution and the effect of the top quark has been included using an effective field theory approach. We have also taken the leading term in the four-loop RGE for α s . The mismatch between the top pole mass and the M S renormalized coupling has been included. This is given by,
where δ t (M t ) is the matching correction for y t at the top pole mass, and similarly for λ(M t ) we have,
We have included the QCD corrections upto three loops [70] , electroweak corrections upto one-loop [73, 74] and the O(αα s ) corrections to the matching of top Yukawa and top pole mass [72, 75] .
Using these corrections, we have reproduced the couplings at M t as in references [46, 50] . 
The effect of β-functions of new particles enters into the SM RGEs at their effective masses.
V. EXSITING BOUNDS ON THE FERMIONIC AND THE SCALAR SECTORS
For the vacuum stability analysis, we need to find the Yukawa and scalar couplings that satisfy the existing experimental and theoretical constraints. These bounds are discussed below. • Constraints from Oscillation data: We use the standard parametrization of the PMNS matrix in which, have reproduced the scattering matrix (S-matrix) for this model [92] . The unitarity demands that the eigenvalues of the S-matrix should be less than 8π. The unitary bounds are given by, λ ≤ 8π and 12λ + λ S ± 16κ 2 + (−12λ + λ S ) 2 ≤ 32π.
• Dark matter constraints: The parameter space for the scalar sector should also satisfy the Planck and WMAP imposed dark matter relic density constraint [21] ,
In addition, the invisible Higgs decay width and the recent direct detection experiments, in particular, the LUX-2016 [96] data and the indirect Fermi-LAT data [97] restrict the arbitrary Higgs portal coupling and the dark matter mass [42, 46] .
Since the extra fermions are heavy ( 200 GeV), for low dark matter mass (around 60 GeV), the dominant (more than 75 %) contributions to the relic density is from the SS → bb channel. The channels SS → V, V * also contribute to the relic density where V stands for the vector bosons W and Z, V * indicates the virtual particle which can decay into the SM fermions. In this mass region, the value of the Higgs portal coupling κ is O(10 −2 ) to get the relic density in the right ballpark and simultaneously satisfying the other experimental bounds. However, this region is not of much interest to us since such a small coupling will not contribute much to the running of λ and hence will not affect the stability of the EW vacuum much. The LUX-2016 data [96] has ruled out the dark matter mass region ∼ 70−500
GeV.
If we consider M DM >> M t , the annihilation cross-section is proportional to
, which ensures that the relic density band in κ−M DM [46] plane is a straight line. In this region, one can get the right relic density if the ratio of dark matter mass to the Higgs portal coupling κ is ∼ 3300. In this case, the dominant contributions to the dark matter annihilation channel are SS → hh, tt, VV.
We use FeynRules [98] along with micrOMEGAs [99, 100] to compute the relic density of the scalar DM. We have checked that the contribution of annihilation into extra fermions is very small. However this could be significant for dark matter mass 2.5 TeV provided the Yukawa couplings are large enough. But, in the stability analysis discussed in section VI A 2,
we will see that the dark matter mass 2.5 TeV requires the value of κ 0.65 which violates the perturbativity bounds before the Planck scale. Thus, we consider the dark matter mass in the range ∼ 500 GeV -2.5 TeV with κ in the range ∼ 0.15 to 0.65. It is to be noted that in the presence of the singlet fermions the value of κ(M Z ) and hence M DM for which the perturbativity is not obeyed will also depend upon the value of Tr [Y † ν Y ν ]. This will be discussed in the next section.
VI. RESULTS
In this section, we present our results of the stability analysis of the electroweak vacuum in the two seesaw scenarios. We confine ourselves to the normal hierarchy. The results for the inverted hierarchy are not expected to be very different [18] . We have used the package SARAH [82] to do the RG analysis in our work.
A. Inverse Seesaw Model
For the inverse seesaw model, the input parameters are the entries of the matrices Y ν , M S and M µ . Here Y ν is a complex 3 × 3 matrix. M S is a real 3 × 3 matrix and M µ is a 3 × 3 diagonal matrix with real entries. We vary the entries of various mass matrices in the range 10 −2 < M µ < 1 keV and 0 < M R < 5 × 10 4 GeV. This implies a a heavy neutrino mass of maximum upto a few TeV. With these input parameters, we search for parameter sets consistent with the low energy data using the downhill simplex method [101] . We present in table I, some representative outputs consistent with data for three benchmark points. In this table T r[Y ν Y † ν ] is an input. As a consistency check, we also give the value of Br(µ → e γ).
Vacuum Stability
In fig.(1) , we display the running of the couplings for various benchmark points in the ISM. In fig.(1a) GeV (red line) and Λ I ∼ 10 8 GeV (black line)) region.
In fig.(1b) , Here for λ S =0.1, the maximum allowed value of κ will be 0.58 from the perturbativity. The value of Tr[Y † ν Y ν ] increases only slightly with the energy scale and the value of λ S increases faster for larger value of κ. [49, 50] . This implies that there is an extra deeper minima situated at that scale. So there is a finite probability that the electroweak vacuum might tunnel into that true (deeper) vacuum. But this tunneling probability is not large enough and hence the life time of the EW vacuum remains larger than the age of the universe. This implies that the EW vacuum is metastable in the SM.
The expression for the tunneling probability at zero temperature is given by [51, 102] ,
where Λ B is the energy scale at which the action of the Higgs potential is minimum. V U is the volume of the past light cone taken as τ 4 U , where τ U is the age of the universe (τ U = 4.35 × 10 17 sec) [21] . In this work we have neglected the loop corrections and gravitational correction to the action of the Higgs potential [103] . For the vacuum to be metastable, we should have P 0 < 1 which implies that [46] ,
whereas the situation λ(µ) < λ min (Λ B ) leads to the unstable EW vacuum. In these regions, κ and λ S should always be positive to get the scalar potential bounded from below [46] . In our model, the EW vacuum shifts towards stability/instability depending upon the new physics parameter fig.(2) (also fig.(1) ) by fixing all the eight entries of the 3 × 3 complex matrix Y ν , but varying only the (Y ν ) 33 element to get a smooth phase diagram. From fig. (2) , it could be seen that the values of κ beyond ∼ 0.58 are disallowed by perturbativity bounds and those below
Excluded from LUX-2016 
We have fixed all the entries of Y ν except for (Y ν ) 33 . The three boundary lines (two dotted and a solid) correspond to M t = 173.1 ± 0.6 GeV (3σ) and we have taken λ S (M Z ) = 0.1. ∼ 0.16 are disallowed by the direct detection bounds from LUX-2016 [96] . Note that the vacuum stability analysis of the inverse seesaw model done in reference [56] As we have seen that the stability of the electroweak vacuum changes due to the presence of new physics and hence it becomes important to demonstrate the change in the confidence level at which stability is excluded or allowed (one-sided) [46, 104, 105] . In particular, it will provide a quantitative measurement of (meta)stability in the presence of new physics. In fig.(3) , we graphically show how the confidence level at which stability of electroweak vacuum is allowed/excluded depends on fig.(3a) . Here, the dark matter mass M DM = 1000 GeV is dictated by κ to obtain the correct relic density. Similar plot with a higher value of κ = 0.455 with dark matter mass M DM = 1500 GeV is shown in fig.(3b) . In this case the electroweak vacuum is absolutely stable for a larger parameter fig.(3b) . The confidence level at which the absolute stability of electroweak vacuum is excluded (one-sided) increases with the trace of the Yukawa coupling in the yellow region.
B. Minimal Linear Seesaw Model
In the minimal linear seesaw case, the Yukawa coupling matrices Y ν and Y s can be completely determined in terms of the oscillation parameters apart from the overall coupling constant y ν and y s respectively [17] . For normal hierarchy, in MLSM, the Yukawa coupling matrices Y ν and Y S can be parametrized as,
Here, U i 's are the columns of the unitary PMNS matrix U ν and r is the ratio of the solar and the atmospheric mass squared differences. This parametrization makes the vacuum stability analysis in the minimal linear seesaw model much more easier since there are only two independent parameters y ν and M N in the fermion sector, where M N is the degenerate mass of the two heavy neutrinos (the value of y s being very small O(10 −11 )). A detailed analysis has already been performed in reference [18] . Here, we are interested in the interplay between the Z 2 odd singlet scalar and singlet fermions in the vacuum stability analysis.
In fig.(4 It could be seen from these plots that larger the value of y ν , earlier λ becomes negative and more is the tendency for the EW vacuum to be unstable as expected. We note from these two figures that for κ=0.304, absolute stability is attained only for y ν =0 even in the presence of the singlet scalar.
In fig at the Planck scale decreases with increase in y ν as we have also seen for the inverse seesaw case.
The region κ 0.16 is excluded from the recent direct detection experiment at LUX.
VII. CONCLUSIONS
In this paper we have analysed the stability of the electroweak vacuum in the context of TeV scale inverse seesaw and minimal linear seesaw models extended with a scalar singlet dark matter. We have studied the interplay between the contribution of the extra singlet scalar and the singlet fermions to the EW vacuum stability. We have shown that the coupling constants in these two seemingly disconnected sectors can be correlated at high energy by the vacuum stability/metastability and perturbativity constraints.
In the inverse seesaw scenario, the EW vacuum stability analysis is done after fitting the model parameters with the neutrino oscillation data and non-unitarity constraints on U P M N S (including the LFV constraints from µ → eγ). For the minimal linear seesaw model, the Yukawa matrix Y ν can be fully parameterized in terms of the oscillation parameters excepting an overall coupling constant y ν which can be constrained from vacuum stability and LFV. We have taken the heavy neutrino masses of order upto a few TeV for both the seesaw models. An extra Z 2 symmetry is imposed to ensure that the scalar particle serves as a viable dark matter candidate. We include all the experimental and theoretical bounds coming from the constraints on relic density and dark matter searches as well as unitarity and perturbativity upto the Planck scale. For the masses of new fermions from 200 GeV to a few TeV, the annihilation cross section to the extra fermions is very small for dark matter mass O(1 − 2) TeV. We have also checked that the theory violates perturbativity before the Planck scale for DM mass 2.5 TeV. In addition we find that the value of the Higgs portal coupling κ (M Z ) for which perturbativity is violated at the Planck scale decreases with increase in the value of the Yukawa couplings of the new fermions. For M DM >> M t , one can approximately write M DM ∼ 3300 κ. This implies that with the increasing Yukawa coupling, the mass of dark matter for which the perturbativity is maintained also decreases. Thus the RGE running induces a correlation between the couplings of the two sectors from the perturbativity constraints.
It is well known that the electroweak vacuum of SM is in the metastable region. The presence of the fermionic Yukawa couplings in the context of TeV scale seesaw models drives the vacuum more towards instability while the singlet scalar tries to arrest this tendency. Overall, we find that it is possible to find parameter spaces for which the electroweak vacuum remains absolutely stable for both inverse and linear seesaw models in the presence of the extra scalar particle. We find an Inverse and linear seesaw models can be explored at LHC through trilepton signatures [19, [106] [107] [108] [109] [110] [111] [112] [113] . A higher value of Yukawa couplings, as can be achieved in the presence of the Higgs portal dark matter, can facilitate observing such signals at colliders.
